ABSTRACT Coccidiosis is one of the most economically important diseases of the poultry, around the globe. In order to assess seasonal and age-wise prevalence of coccidiosis individually and with concurrent infections, this study was conducted on commercial poultry farms in and around Multan division, province of Punjab, Pakistan. A total of 28,126 boilers, 4,052 layers and 7,699 golden bird samples, provided by regional farmers and consultants, were examined by microscopy for the diagnosis of coccidiosis. Based on postmortem lesions, several infections including coccidiosis, viral, and miscellaneous diseases were catalogued, whereas samples were cultured to identify concurrent bacterial diseases. Cumulative analysis of this large set of samples revealed a prevalence of 14.16, 11.01, and 19.57% in broiler, layer and golden birds, respectively. Ascaridia galli (A. galli) showed a higher prevalence in layer (2.47%) compared to golden (0.21%) birds (P < 0.01). Amongst all concurrent infections investigated, bacterial infections were identified in highest percentage of samples (59.24%; P < 0.05). The age-wise and seasonwise prevalence of coccidiosis and A. galli was found to be significant (P < 0.05). During the study period, an estimated of 10.69 (coccidiosis) and 0.29 (A. galli) million poultry birds were treated or provided prophylaxis and supportive therapy at Pakistani commercial poultry farms. Depending upon the prevailing market conditions, the total economic losses (treatment, prophylaxis, and supportive therapy) from coccidiosis and A. galli were estimated to be US $45,405.00 and 2,638.50, respectively, while production (weight and eggs) losses for broiler (US$ 2,750,779.00), layer and golden, young (US$ 13,974.98 and 50,228.76) and adult (US$ 104.74 and 203.77) were estimated. Unit loss of coccidiosis with concurrent diseases and intestinal worm was estimated to be US$ 0.005 and 0.01, respectively. These results highlight the potential impact of coccidiosis individually and with concurrent infections on the poultry productivity and will inform farmers, policy makers, and other governmental and non-governmental stakeholders on the use of control and management measures in containing these infections.
INTRODUCTION
The main purpose of commercialization of the poultry was to meet the nutritional requirements of human population that is growing at the rate of 2.14% per year in Pakistan (Manan et al., 2013) . Poultry sector is acting as an important and cheap source of proteins (meat and egg) and employment (Bachaya et al., 2012) . In (Bachaya et al., 2015a) . In conventional farming, there is no infrastructure for biosecurity, and poultry flocks are exposed to a string of environmental stresses resulting in huge economic losses to the farmers (Abbas et al., 2015) . Coccidiosis can cause concurrent infection with bacterial, fungal, and viral pathogens. Coccidiosis is a disease of hot and humid environments caused by different Eimeria species of the phylum Apicomplexa. The disease is characterized by dysentery, bloody diarrhea, enteritis, poor growth, drooping wings, emaciation, and decreased production (Gerhold, 2015) . Additionally, high morbidity and mortality rates are reported which are further aggravated by concurrent infection. Coccidiosis is considered a disease of poor management Bachaya et al., 2015a) and approximately US$ 20 million/annum coccidiosisassociated economic losses were recorded in India (Bera et al., 2010) . Ascaridia galli (A. galli) is an intestinal parasite that causes emaciation, which leads to decreased production. Heavy infestation of the parasite can cause blockage of intestine and finally leads to death of the infected bird.
Since the primary aim of the farmer is profitability, such infections can affect the business development and therefore necessitate the assessment of cost and benefit of farms. Until now, limited information is available on the overall, age-wise, and seasonal prevalence of coccidiosis with its concurrent diseases and adult A. galli infection at commercial poultry farms. Owing to huge economic losses associated with coccidiosis and A. galli, this study envisages to assess the prevalence of coccidiosis and A. galli in different poultry breeds and age groups of conventional and control farming system during the 4 seasons in Pakistan. Additionally, concurrent infections with coccidiosis were considered and economic significance of treatment, prophylaxis, and supportive therapy was analyzed. Cumulative results will inform farmers, policy makers, and other governmental and non-governmental stakeholder about mapping the potential impact of coccidiosis individually and with concurrent infections.
MATERIALS AND METHODS

Study Area and Birds
This study was conducted from January to December 2014 and samples were processed at District Poultry Disease Diagnostic Center, Multan, Pakistan. The sampling site is located at 30
• 12'N-71 • 26'E, an elevation of 123 m above the sea level in Southern Punjab, Pakistan. The average annual rain fall and temperature of this area are 175 mm and 25.6
• C, respectively. During the study period, total population of broiler, layer, breeder, and rural poultry in the sampling site (Division Multan) was 794.37, 42.65, 10.70, and 40 .18 million, respectively (Anonymous, 2014-15) . The total number of broiler (n = 28,126), layer (n = 4,052) and golden (n = 7,699) (Rhode-Island Red, American domestic breed, crossbred of Malay and brown leghorn) birds were observed reared in commercial farming system. This large number of sample size reflects the farmer's interaction and confirmatory diagnosis by experienced veterinary specialist at poultry disease diagnostic center. The average age of broiler at slaughtering time was 42 d with average live weight of 2.2 kg (Gharekhani et al., 2014) . On the other hand, layer and golden breeds were kept for egg and meat production. The layer, broiler, and golden birds were examined to find out the adult A. galli and coccidiosis lesion in intestine and caeca. On an average, 5 birds were examined from each coccidiosis-infected poultry farm having average flock size of 9,000 birds. Average of 2.5 birds were examined for worms-infected poultry farms carrying average flock size of 6,000 birds.
Samples and Data Collection
The droppings and live and recently deceased birds were brought by the farmers and consultants from 4 districts (Multan, Khanewal, Vehari, and Lodhran) of the Multan Division, for physical, clinical, and laboratory examination at District Poultry Disease Diagnostic Center, Multan, Pakistan. These samples were received from conventional (broiler, 532; layer, 73; and golden, 217) and control (broiler, 232; layer, 16; and golden, 84) poultry farming system. Samples were collected during different farms' visits on farmer's request for sample collection and treatment of poultry flock after confirmatory diagnosis by veterinary experts. Data of individual case routinely recorded on manual questionnaire include the information on breed, sample area, lesion, nutrition, age, management, clinical signs, postmortem examination, and deworming regimen. All farm birds had no history of coccidiosis vaccination and adults were dewormed about 2 to 4 mo before the examination while young birds remained unmedicated. Data for adult A. galli were taken during postmortem examination for coccidiosis.
Classification of Birds and Season
According to age, broiler birds were divided into 3 groups of 1 to 2, 3 to 4, and 5 to 6 wk (Adhikari, Gupta and Pant, 2009) , while layer and golden were divided into 2 groups: young (1-17 wk) and adult birds (18 wk and above) (Bachaya et al., 2012 (Bachaya et al., , 2015a . For seasonal prevalence, the year was classified into 4 seasons comprising autumn (September-November), winter (December-February), spring (March-May), and summer (June-August) according to climatic condition of Pakistan (Adhikari et al., 2009 ).
Postmortem Examination
A thorough external and internal examination was performed during postmortem investigation. The history of morbid and recently deceased birds was recorded Figure 1 . Eimeria sp. oocyst from the intestine of a poultry bird suffering from coccidiosis (representative sample) (at 400×; each division of micrometer is equal to 2.5 micrometer at this magnification).
to understand the tentative etiology, duration, and type of the disease. Live birds were slaughtered and dissected to confirm the tentative etiology of morbidity and mortality in the flock. All organs were examined for gross pathological lesions. Ascaridia galli and coccidiosis lesions were physically verified upon the dissection of whole intestine and cecum as described by Sharma et al. (2015) . Samples were taken from different parts of intestine (duodenum and jejunum) and ceca for microscopic confirmation of coccidiosis while the presence of adult A. galli was checked by visual examination. The concurrent diseases with coccidiosis were diagnosed based on postmortem lesions for virus as described by Mazengia (2012) , and samples were cultured for bacterial diseases as already described by Hasan et al. (2012) and Ahmad et al., 2008. 
Microscopic Examination
Collected samples were processed for microscopic examination to diagnose the presence of coccidian oocyst. For this purpose, a homogenized mixture of fecal sample and water was placed on a glass slide, covered by a cover slip and observed under the compound microscope. Eimeria oocysts were observed at 400× ( Figure  1 ) for confirmation of coccidiosis (Fatima et al., 2015; Rao et al., 2012) .
Treatment Criteria
Treatment, prophylaxis, and supportive therapies were provided to those farm birds that were diagnosed positive for acute coccidiosis with concurrent diseases from physical, microscopic, postmortem lesions, and bacterial culture tests. Treatment was provided by result-oriented medicine according to specialist experience. Average water required in poultry farm is 217 L/d/1,000 birds (http://www.poultryhub.org/ nutrition/nutrient-requirements/water-consumptionrates-for-chickens/, 10 July, 2018; 20.00 PM). After tentative diagnosis and prescribed medicine by veterinary specialist, medication of specific disease on whole flock was performed under the supervision of a consultant. Medication was provided in half quantity of water required for 1 d for the duration of 3 d. Medication of anthelmintic was given twice with 2-wk interval but supportive therapy was given twice after every treatment. Coccidiosis was treated with Toltrazuril 2.5% (25 mg/mL, Shijiazhuang ZDHF stock raising Co., Ltd China) at the rate of 1 mL/L, e.g., costing US$ 6/L; while supportive therapy for concurrent diseases was performed with Bio-lincocilline (each gram contains amoxycillin trihydrate 200 mg, lincomycin 88 mg, spectinomycin 88 mg, and Vitamin E 30 mg, Bio-Labs, Pakistan) at the rate of 1 g/L, e.g., costing US$ 12/500 g. Anthelmintic used for the study was Albasym 2.5% (Albendazole 2.5%, Symans Pharmaceuticals Pvt., Ltd, Pakistan) at the rate of 1 mL/L, e.g. costing US$ 3/L. Supportive therapy in worm-infected flocks for maintenance of growth and egg production was performed with Immune Care growth promoter (each gram contains lysozymes 500 mg, Vitamin C 100 mg, Vitamin E 100 mg, and Selenium 20 mg, Shijiazhuang ZDHF stock raising Co., Ltd, China) at the rate of 1 g/4 L, e.g., costing US$ 3.5/100 g. Unit use of Toltrazuril 2.5% and Bio-Lincocilline were 1 L and 500 g for 10,000 birds each. Albasym 2.5% and immune care growth promoter were 1 L and 100 g for 1,000 and 4,000 birds, respectively (Table 4) . Medicine prices are based on wholesale dealers rates according to 2014 rate sheets and the unit exchange rate (1 US$ = 103.10 Pakistani Rupees) was considered.
Economic Significance
We considered the treatment, prophylaxis, mortality, weight, and egg production loss for economic evaluation at the poultry farms during the study period. The price of meat and eggs were considered US$ 1.5/kg and 1/dozen, respectively (http://www.thepoultrysite. com/poultrynews/34300/sharp-drop-in-poultry-pricesin-pakistan/, 10 July, 2018; 20.00 PM). Weight loss for broiler, young layer and golden was 325, 150, and 190 g during the morbid period while only decrease in egg production (70% flock production and 15% decrease due to disease) was taken for adult layer and golden. Below-mentioned formulas were used for the economic evaluation: 
Statistical Analysis
Disease prevalence was calculated by taking the percentage of infection rates. Statistical analysis was performed using Graph Pad Prism (version 6) (GraphPad Software 7825 Fay Avenue, Suite 230, La Jolla, CA 92037, USA). Significance of overall, age-wise, and seasonal prevalence in broiler, layer and golden bird was analyzed by Chi-square test. P-value ≤ 0.05 was considered as statistically significant.
RESULTS
A detailed description of the numbers of poultry farms investigated and treated for coccidiosis and A. galli are summarized in Table 1 , and indicate the broad seasonal and regional distribution of samples. A huge number of poultry farms present the samples for investigation in spring while lesser in autumn season.
A variable prevalence of coccidiosis and A. galli infestation was observed in different poultry breeds, season, and age. The higher prevalence was in golden followed by broiler and layer. Adult broiler, young layer and golden were highly susceptible for coccidiosis while adult layer and golden birds were the reservoir host for A. galli. The prevalence of coccidiosis was higher in spring. These findings are summarized in Table 2 and categorized into age, breed, and season. Medications were performed against coccidiosis with concurrent diseases and A. galli on the whole flock according to the prescriptions of the specialists in the region.
Concurrent Diseases
Concurrent diseases were investigated as a percentage of coccidiosis infection with virus, bacteria, miscellaneous, or co-infection infections. Bacterial diseases include infectious coryza (IC), fowl typhoid (FT), salmonellosis (Sal), chronic respiratory disease (CRD), fowl cholera (FC) and Escherichia coli. While, viral diseases were Newcastle disease (ND), hydro-pericardium syndrome (HP), and infectious bursal disease (IBD). Moreover, miscellaneous diseases revealing less number of cases consist of idiopathic enteritis (IE) and dehydration (DH), septic yolk (SY), and aspergillosis (ASP). In complex co-infection, there were varieties (more than 2) of diseases in a single observed bird case. High rate of concurrent diseases was found with bacteria (59.24%), while 5.22% birds were infected only from coccidiosis (Table 3) .
Cost Analysis
After examination of few birds positive for coccidiosis with concurrent diseases and A. galli, medication was applied to whole poultry flocks to control the outbreak. Therefore, quantity (total packing's) of anti-coccidial medicines and its supportive therapy were 1,603.50 L and 3,206.5/500 g, respectively, while for anthelmintic and its supportive therapy were 557.5 L and 279/100 g, respectively. Total economic loss of US$ 48,105 and 2,647.5 were estimated from coccidiosis, its complications, and intestinal worm therapy, respectively (Table 5 ). Unit losses of coccidiosis with its complication and intestinal worm for a single bird in overall flock were US$ 0.005 and 0.01, respectively. Production losses for weight (mortality and decrease weight gain) and eggs loss were estimated and mentioned in Table 6 .
DISCUSSION
Coccidiosis with concurrent diseases and intestinal worms are economically important threats to the poultry industry, worldwide. Coccidiosis is highly prevalent in areas with hot and humid environment and due to poor management conditions the economic impact of coccidiosis is multifold. The ascarid worms having direct life cycles can easily re-infect birds and remain a major problem of layer poultry flocks.
The prevalence of coccidiosis in broilers and layers in the present study was similar to the previously reported studies i.e., 12.7% on farm level and 11.11% from gut samples in Akwa Ibom state, Nigeria and Quetta, Pakistan Etuk et al., 2004) . Coccidiosis prevalence in birds (19.57%) is closely related to the value already reported (25%) in layers (Adhikari et al., 2009 ). However, the dissimilar prevalence of coccidiosis in broilers in Hamedan province, Western Iran, is 31.8% (Gharekhani et al., 2014) . The coccidiosis prevalence between broiler (14.16%), layer (11.01%) and golden (19.57%) was statistically highly significant (P < 0.01). Contaminated poultry feed is considered as one of the most important sources of aflatoxin that pre-disposes birds to coccidiosis. It has been observed that feeding of aflatoxin-contaminated-feed to birds on first day results into appearance of coccidiosis at 35th day of broiler bird's life causing 26% mortality (Spooner et al., 1989) . Firstly, the difference in levels of prevalence observed in the current study and the one reported earlier may be due to several factors such as stress of production, farm management, geographical location, and environment conditions. Secondly, it may be due to differences in the type and quantity of anti-coccidial feed additives used in other studies (Abbas et al., 2011 ).
Higher prevalence of coccidiosis in golden compared to broiler and layer may be due to higher production stress and continuous contamination of litter for a longer period of time which can provide an opportunity to coccidian oocysts to sporulate and then re-infect the birds, however, these warrant future studies. Ascaridia galli in poultry is mostly prevalent in layer and golden birds with a longer life span as compared to broiler birds. As expected, prevalence of A. galli was higher in layer birds (2.47%) than golden birds (0.21%). Reported A. galli prevalence was 18.55 and 28% in Mardan, Pakistan and North Jordan, respectively (Abdelqader et al., 2008; Zada et al., 2015) . Moreover, in another study, the recorded prevalence of nematodes was 40.8% in Eastern Kenya (Mungube et al., 2008) . The difference of A. galli prevalence between layer and golden birds was statistically significant (P < 0.01). The difference in prevalence between the present and previous studies may be due to difference in study areas, management systems and, types and stage of parasites. Lower prevalence of worms in golden birds may be due to improved management and regular deworming in the poultry flocks.
In broiler, the higher prevalence of coccidiosis was observed at 5 to 6 wk age (20.33%) and lower at 1 to 2 wk (3.51%) of age (P < 0.01). Its reported prevalence in adult and young broiler chickens was 30.18 and 65.95%, respectively (Gharekhani et al., 2014) . Several studies reported that coccidiosis is more prevalent in adult layer birds (Nematollahi et al., 2009) due to moistened litter. The higher prevalence rate in adult broiler may be due to crowding behavior, confined environment, oocytes accumulation, and wetting of litter with watery droppings. In young layer and golden birds, highest prevalence of coccidiosis is similar to previously reported (22.3 and 13%) studies in white leghorn in Kombolcha Poultry Farm, Ethiopia and Dina, Punjab, Pakistan, respectively (Amare et al., 2012; Bachaya et al., 2015b) . In layer and golden birds, coccidiosis was higher in young birds than in adults. This may be due to the development of immunity in adult birds. The age-wise prevalence of coccidiosis between broiler, layer and golden birds was significantly variable (P < 0.01).
Ascaridia galli prevalence was higher in adult layer (3.91%) and golden (3.13%) birds as compared to young layer (1.36%) and golden (0.16%) birds (P < 0.01). Reported study also reveals that prevalence of A. galli in adult (46.89 and 24.18%) was higher than that in young (25.30 and 6.12%) in Faisalabad and Mardan districts of Pakistan, respectively (Fatima et al., 2015; Zada et al., 2015) . The difference in studies and reported prevalence may be due to types and stage of parasites observed during the study. Worms are common in adult birds because they take time from their entry, growth, and expression of signs/symptoms in birds. The difference in the age-wise A. galli prevalence between layer and golden birds was highly significant (P < 0.01).
Higher seasonal prevalence of coccidiosis in broiler (21.02%) and golden birds (25.07%) was observed during spring; while in layers (15.49%) were during autumn. But lower prevalence in broiler, golden and layer was during autumn (4.36%) followed by winter (8.14%) and summer (13.06%), respectively. Likewise, reported higher and lower prevalence of Eimeria oocysts in broiler were in autumn (60.02±4.38) and winter (29.89±2.27), respectively, in Faisalabad, Pakistan (Awais et al., 2012) . Similarly, higher and lower broiler coccidiosis prevalence has been observed in autumn (50.9%) and summer (3.10%), respectively in Sidi Thabet, Tunisia (Kaboudi et al., 2016) . It was reported in another study that coccidiosis prevalence was higher (60.16%) in monsoon season (August and September) among the broiler chickens in Hazara region of Pakistan (Amin et al., 2014) . Another study in the neighboring country (India) reports the coccidiosis prevalence of 36.07 and 35.90% during the monsoon and winter season, respectively, in broiler chickens (Jadhav and Nikam, 2014) . The higher coccidiosis prevalence in layer was reported in hot and humid (June-October) season of Japan (Sakai and Poultry, 2009 ). These previous reports support our findings. The difference in prevalence might be due to hot and humid environmental conditions of the studied area and rearing season of poultry birds. The highest prevalence in autumn may be due to monsoon (rainy season from July to September), while spring is called the growth season in Pakistan. The differences in the seasonal prevalence of coccidiosis in broiler, layer and golden birds were highly significant (P < 0.01).
The higher and lower A. galli prevalence in layer birds was in summer (4.30%) and autumn (1.38%), respectively. However, in golden birds, higher and lower prevalence was in winter (0.60%) and summer (0%), respectively. Previously reported seasonal prevalence in free range poultry was higher in summer (57.51%) and lower in winter (29.91%) in the region of Faisalabad, Pakistan (Fatima et al., 2015) . In another study, the reported prevalence of A. galli was 17.2% in southeastern Nigeria (Nnadi and George, 2010) . It is also reported that mortality rate in highly infected birds was higher in summer while in winter was not significant (Hinrichsen et al., 2016) . The seasonal prevalence of A. galli in layer and golden was significantly variable (P < 0.01 and 0.05), respectively. The difference in studies and reported prevalence may be due to geographical variation, management, stage of worm, bird's type and season. In the current study, the prevalence of adult A. galli was observed during postmortem examination. Ascaridia galli spreads in the farm birds by picking of contaminated litter and coprophagia.
Concurrent diseases with coccidiosis were higher with bacterial diseases (59.24%) followed by viral (19.93%), miscellaneous (7.08%), and complexes (8.53%) (P < 0.01). Similarly reported co-infections of broiler coccidiosis with colibacillosis was 43.33% in 4 to 6 wk age and with Mycoplasma was 50% in 7 to 10 wk age (Chanie et al., 2009 ). Co-infection by Eimeria and reovirus has been reported as 20 to 27% in broilers (Ruff and Rosenberger, 1985) . However, reported co-infections of coccidiosis and helminthes was 22.90% in south-eastern Nigeria (Nnadi and George, 2010) . Coccidiosis and intestinal infections cause 13% morbidity and 55% mortality in Giriraja poultry birds (Jayachitra and Balasundaram, 2014) , respectively. In poultry farms, all birds belong to same breed. Therefore, outbreak and co-infections are more prevalent due to interchange of environment, farm utensils, and close contraction with each other and surrounding organisms. Eimeria infection may be opportunistic or provide condition to other diseases (Kabell et al., 2006) . Previously, it was observed that chickens are often concurrently infected coccidia and Acarida (Riedel, 1950) . Also, it decreases bird's immunity leading to vaccine failures and increased susceptibility to other infectious diseases (Ahmed et al., 2009) .
The mortality rate observed in current study ranges from 2.75 to 18.00% that according to already reported 8.00% (Bressler and Gordetjk, 1951) . The calculated economic losses from treatment and prophylaxis of coccidiosis (US$ 48,105) were higher than those from intestinal worms (US$ 2,647.5). Additionally, adverse impact cost of coccidiosis was higher (US$ 38,484) than treatment and prophylaxis (US$ 9,621) costs. However, treatment of intestinal worm cost was higher (US$ 1,671) than costs associated supportive therapy (US$ 976.5). The unit medication loss of coccidiosis with its adverse impact was US$ 0.0045/bird, while it was US$ 0.01/bird for intestinal worms. The production and mortality loss in broiler, layer and golden were US$ 2,750,779.00, 14,079.72, and 50,432.53, respectively. The unit production loss in broiler, layer and golden was US$ 0.26, 0.15, and 0.27, respectively. It was found that healthcare cost has minor contribution on the total production cost, depends on the season and country that is less relative to others cost such as feed and day 1 old chicks studied in Netherland (Gocsik et al., 2014) . Already estimated unit flock (18,000 birds) loss was € 3,162.4 from chemoprophylaxis, mortality, and decrease of feed conversion rate (Györke et al., 2016) . The global cost of coccidiosis in poultry industry has been estimated to be US$2 billion annually (McKeever, 2009) . Similarly, reported economic loss of coccidiosis was US$ 450 million; containing cost of 100 million for medication only in United States (Mohammed and Sunday, 2015) . Different species of Eimeria cause estimated loss of US$ 800 million per year to the world's commercial poultry producers (Williams, 1998) . Total reported profit was US$ 5,374 from medication of 20,330 broilers birds (Suo et al., 2006) . Prophylactic, treatment, mortality, morbidity, and poor feed conversion rates due to coccidiosis cause global and American poultry industry loss of US$ 800 million and US$ 450 million, respectively (Allen and Fetterer, 2002) .
CONCLUSIONS
Taken together, it is plausible to conclude that coccidiosis alone and with its concurrent diseases and intestinal worms cause major losses to Pakistani poultry industry especially in conventional poultry farming system with no or insufficient biosecurity measures. Additionally, these results highlight the importance of management and regular deworming in reducing the impact of these infections on the poultry production and farm profitability.
